fluence of personal needs and drive and their interaction with external pressures. 16 Intrinsic motivation is defined as drive from personal needs and satisfaction and is further split into three subcategories based on the type of satisfaction experienced during the activity: intrinsic motivation to know, intrinsic motivation to accomplish, and intrinsic motivation to experience stimulation. Intrinsic motivation to know refers to motivation based on the enjoyment of learning new things. Intrinsic motivation to accomplish refers to the motive to accomplish or to create new things. Intrinsic motivation to experience stimulation refers to motivation to achieve sensory stimulation while performing an activity. Extrinsic motivation is based on a drive coming from environmental factors or a sense of obligation and is divided into four subtypes: external regulation, introjected regulation, identified regulation, and integrated regulation. External regulation is motivation deriving from external influences or rewards. Introjected regulation is motivation from the environment that generates internal reward contingencies and includes a slightly higher level of self-determination compared with external regulation. Identified regulation is motivation that has been incorporated into personal attributes and external factors and involves a higher level of self-determination than introjected regulation does. Integrated regulation is motivation that is slightly different from internal motivation. It involves the highest level of self-determination among the external motivation subtypes. This type of motivation is externally regulated, but the individual also enjoys the activity in itself. In contrast, amotivation is the absence of drive. Intrinsic motivation, extrinsic motivation, and amotivation can be arranged along a motivational continuum based on the amount of self-determination. Moreover, the four subcategories of extrinsic motivation can also be arranged along a continuum based on the same principle (Figure 1) . 9 The present study examined the relationships between various factors associated with academic stress in medical students, including motivation, personality, academic performance, and depression. The causal relationships among these factors were investigated via path analysis. Our findings may form the basis for management of student mental health in medical schools.
METHODS

Participants
The present study was based on the results of a survey that focused on evaluating and promoting mental health in medical students. The survey was conducted in November 2009 at the University of Ulsan College of Medicine in Seoul, Korea. Korean students may apply to medical school, which consists of 4 years of training, after receiving an undergraduate degree. They may also apply immediately after finishing high school.
In this case, students take a 2-year pre-medicine curriculum prior to 4 years of medical school. The present study was conducted at one of the latter institutions. The survey was organized by school administrators and was taken by 160 students who were entering their third year of education (i.e., first year of medical school). The curriculum of the students included basic science courses (i.e., anatomy and histology) during the second year of pre-medicine coursework. During the first 2 years of medical school, the students are enrolled in extended basic science/clinical coursework (e.g., cardiology and reproductive medicine), and the last 2 years consist of clinical ward training. The aims of the survey were explained in detail to all of the students, and questionnaires were handed out. The students were given ample time to complete the survey. During the 4-week period after the surveys were completed, the students visited the psychiatry outpatient clinic and received individual assessments conducted by a psychiatrist. The psychiatric evaluation included the Structured Clinical Interview for DSM-IV (SCID-IV) and the Mini-International Neuropsychiatric Interview (MINI). The interviews were conducted according to the principles of SCID-IV and MINI, although due to time constraints, the tests were not completed in full. Students who were determined to be at high risk for mental health problems were asked to participate in a second interview. All of the students participated in at least one interview. None of the students in the present study was diagnosed with a significant mental health problem. Informed consent was provided by all of the students, and all of them were included in the final analyses. The Institutional Review Board at the Asan Medical Center approved the present study.
Measures
The following questionnaires were used in the present study: the Medical Stress Scale (MSS), 15 the Minnesota Multiphasic Personality Inventory (MMPI-2), 17 the Hamilton Depression scale (HAM-D-17), 18 the Beck Depression Inventory (BDI-II), 19 and the Academic Motivation Scale (AMS). 15 After participants had completed the four self-report questionnaires (MSS, MMPI-2, BDI-II, and AMS), the psychiatrists examined all participants, and depressive symptoms were further assessed with the HAM-D-17.
The MSS is an 11-item questionnaire designed to assess the amount of stress medical students experience during medical school. 8 It focuses on five areas including school curriculum and environment, personal competence/endurance, social/recreational life, financial situation, and future aspirations. Each item is scored on a 5-point Likert scale ranging from 'strongly disagree' to 'strongly agree. ' Higher scores represent higher levels of stress. The reliability and content validity of this assessment are high. 8 A validated Korean version was used in the present study. The original test was modified to reflect cultural differences and consisted of 9-items in three areas: school curriculum and environment, personal competence/endurance, and financial situation. 15 Participants with MSS scores ≥28 were categorized as 'stressed' (n=56), and the others were considered 'non-stressed' (n=104). Each section of the Korean version of the MSS 15 consists of nine items scored on a 5-point Likert scale. A 3-point answer ('neither agree nor disagree') for each item would result in a total score of 27 points. Hence, a score of 28 was set as the cutoff point for the present study. This dichotomized categorization was used in the initial analysis; hereafter, raw scores were used in all analyses.
The AMS is a 28-item questionnaire developed to describe academic motivation 16 based on self-determination theory. 9 It assesses three subcategories of intrinsic motivation (i.e., intrinsic motivation to know, intrinsic motivation to accomplish things, and intrinsic motivation to experience stimulation), three subcategories of extrinsic motivation (i.e., extrinsic external motivation, external introjected motivation, and extrinsic identified motivation), and amotivation. Higher scores in each subcategory reflect higher levels of motivation based on that subcategory. A validated Korean version of the AMS was used. 15 The MMPI-2 is an instrument used to identify personality structures and psychopathology. 17 It consists of 567 items that are combined in a variety of ways to yield different scales. The clinical scales, which focus on psychopathology, are the most widely used. Due to our study population, scores above 65 points on the clinical scale were considered high, and the number of high scores was used for analysis. 20 The HAM-D-17 18 and BDI-II 21 are questionnaires that quantify depression. The 17-item HAM-D-17 is clinician based and is ideal for determining somatic symptoms. The 21-item BDI-II is a self-report inventory is focused on subjective feelings. Both measures were used for improved accuracy. Validated Korean versions were used in the present study. 19, 22 Academic performance was assessed with school grades, which were provided by the university with consent. 
Analysis
Chi-square analysis and Student's t-test were used to compare the demographic and clinical characteristics of stressed and non-stressed participants based on the dichotomous categorization described above. All analyses were two-tailed. Pearson's correlation was used to identify the association between various factors and stress. A linear regression model was constructed to determine the independent contribution of each factor to academic stress. Path analysis was used to estimate the causal relationship among stress, motivation, academic performance, depression, and personality. The Statistical Package for Social Sciences (SPSS) version 15.0 was used for all statistical analyses, and AMOS version 16.0 was used for the path analysis.
RESULTS
Clinical characteristics of stressed and non-stressed students
Stressed students were significantly younger compared with non-stressed students (21.5±1.6 vs. 22.1±1.7 years, p=0.03). Moreover, stressed students had lower GPAs (3.1±0.7 vs. 3.4± 0.6, p<0.01) and higher scores on the depression scales compared with non-stressed students (HAM-D-17: 8.6±6.0 vs. 4.0±3.9, p<0.01; BDI-II: 7.2±6.1 vs. 3.3±3.7, p<0.01), although the mean scores were within the subclinical or normal range. Among the subcategories of the AMS, stressed students showed higher scores in amotivation (8.4±2.6 vs. 6.6±2.6, p<0.01), intrinsic motivation to accomplish things (13.3±2.2 vs. 14.2± 2.5, p=0.02), and extrinsic identified regulation (15.4±2.8 vs. 14.0±2.8, p<0.01) ( Table 1) . No trends were noted in the distribution of MMPI-2 scales.
Separate analysis via analysis of variance (ANOVA) and posthoc analysis using the Tukey and Bonferroni methods revealed that students in their first year of medical school displayed significantly higher levels of stress compared with students in other years (27.0 vs. 25.5 for second-year pre-medical students, 24.1 for second-year medical students, and 22.2 for third-year medi-cal students; p<0.01 for both post-hoc tests).
Associations between demographic and psychological characteristics and stress
The MSS scores were positively correlated with high MMPI-2 scores (r=0.27, p<0.01) and depression scale scores (r=0.45, p<0.01 for both) and negatively correlated with GPA (r=-0.29, p<0.01). Five of the AMS subcategories were significantly correlated with MSS scores, including amotivation (r=0.39, p<0.01), intrinsic motivation to know (r=-0.20, p=0.01), intrinsic motivation to accomplish things (r=-0.20, p=0.01), extrinsic external motivation (r=-0.16, p=0.04), and extrinsic identified regulation (r= 0.18, p=0.02). Amotivation and extrinsic identified regulation were positively correlated, whereas the other three subcategories were negatively correlated with MSS scores. The depression scale scores showed the strongest correlation (Table 2) .
Path analysis
The AMS and MSS results represented corresponding variables in our model. The number of high MMPI-2 scales was used to represent personality. All subcategories of the AMS, in- 'Stressed' and 'Non-stressed' participants had Medical Stress Scale scores ≥28 and <28, respectively. 'School Year' was re-coded as follows; the second year of pre-medicine as 2, the first year of medicine as 3, the second year of medicine as 4, and the third year of medicine as 5. Previous studies have used the chi-square value, Comparative Fit Index (CFI), Normed Fit Index (NFI), and Root Mean Square Error of Approximation (RMSEA). 23 The chi-square value indicates the discrepancy between the study sample and fitted covariance matrices. An insignificant chi-square value at the 0.05 level is indicative of a good model fit. The CFI compares the existing model fit with a null model, which assumes that the indicator variables and latent variables in the model are uncorrelated. A CFI value above 0.9, which indicates that the given model can reproduce over 90% of the covariation in the data, is usually accepted as definitive. The NFI reflects the proportion by which the study model improves fit compared with the null model. Recent evidence suggests that the cutoff value for good fit should be above 0.95. The RMSEA reflects the discrepancy per degree of freedom, and along with CFI, is among the fit indexes least affected by sample size. Although some controversy exists, a value below 0.08 or 0.05 is usually deemed adequate. 23 The indices for our model satisfied all four criteria (χ 2 = 20.28, df=20, p=0.44; CFI=1.00; NFI=0.97; RMSEA <0.01). Among the AMS subcategories, external identified regulation had the strongest association with overall motivation, followed by extrinsic external motivation and amotivation. Motivation had a positive association with grades (β=1.00), which in turn had a significant and negative association with stress (β=-0.81, p<0.01). Stress had a significant and positive association with motivation (β=1.08), thus creating a triangular feedback loop. Depression had a positive association with stress (β=0.34) and a negative association with motivation (β=-0.75). Personality had a negative association with motivation. Motivation and depression were unobserved variables; therefore the statistical significance of the associations between these and other variables were not reported ( Figure 2) . As the data used in our study were cross-sectional, the various associations implied by our path analysis model are hypothetical.
DISCUSSION
Medical students who were under stress displayed several differences compared with students who were not stressed, and several of the factors were significantly correlated with stress levels. The results of the depression scales as well as the scores for amotivation and extrinsic identified regulation were independently associated with MSS results. The path analysis model revealed that motivation, grades, and stress may be sequentially associated with one another, forming a feedback loop. These factors may also be associated with depression and personality.
One of the implications of the path analysis model is that stress may be associated with motivation, and motivation may have an indirect association with stress through academic performance. Amotivation is defined as the absence of intent or drive. 9 Therefore, students with higher amotivation scores may find it more difficult to maintain strong academic performance, especially in a highly competitive environment. This may also result in higher levels of stress. Extrinsic identified regulation is a type of extrinsic motivation that is similar to intrinsic motivation. 9 Students who scored high on this subscale may be highly influenced by both internal and external factors. Moreover, school grades may influence both factors and consequently increase stress levels.
Several inferences may be drawn from our path analysis model. First, academic stress, motivation, and grades form a feedback loop. Therefore, if one of the three factors deteriorates, the other two factors may be stabilized as a protective psychological mechanism. For example, a decrease in grades would cause an increase in stress, which in turn may cause motivation to in- crease. This, in turn, would cause grades to increase, thereby correcting the initial decrease in grades. In real-life situations, the responses to each step would certainly be influenced and modified by other factors, and this protective mechanism may not function easily. From a practical viewpoint, however, our results imply that actions that promote motivation may greatly benefit from interventions against stress or depression. Moreover, appropriate stress management may increase motivation. Interestingly, the proposed psychological mechanism strikingly resembles hormonal negative feedback loops. Moreover, contradictory associations were noted with depression. Depression showed comparatively weak positive associations with academic stress, which in turn was positively associated with motivation, making the net effect positive. Depression also showed a stronger negative association with motivation. Several unsuccessful path models were constructed, so our results are inconclusive at this time.
Previous studies have not investigated the associations among the three factors (i.e., academic performance, academic stress, and academic motivation) in medical students. Two reports, however, focused on the relationship between two of the three factors. Specifically, one study examined the influence of perceived stress factors on academic performance in dental students and concluded that the association was non-significant. 24 This is contrary to the path analysis results in the present study; this discrepancy may be due to the use of different measures and differences in the study groups. The proportion of students in each grade was similar to that in the present study; however, the participants in the previous study were unevenly distributed. Additionally, our results indicate that stress may not be directly associated with academic performance. A second study investigated the influence of personality on intrinsic academic motivation in medical students. 13 The authors reported that various aspects of personality were associated with motivation. These results are consistent with the present study. Different assessments of personality and motivation were used in the previous study, thereby limiting direct comparisons.
Several previous studies have revealed that stressed students were more likely to be in their first year of medical school compared with non-stressed students. This is, however, controversial. 1, 3, 6 These findings suggest that the early years of medical school are the most stressful and that the ideal time for interventions might be at the beginning of medical school.
The present study has several limitations. First, some of the assessment tools that were used, especially the MMPI-2 clinical scales and the depression scales, are designed for pathological assessments. Most of results from these tests were within the normal range and may not be clinically meaningful. The present study was also unable to identify the aspects of personality that have the strongest association with other factors. The tools that were used to measure stress and motivation were designed for use in a normal population, and thus the overall influence was probably minor. Next, many of the assessments were based on self-reports. Nevertheless, the self-report forms used in this study have all been validated, and therefore, this probably had very little effect. Moreover, unauthorized absences, dropout rates, and clinically significant levels of depression were not included in the final analyses because the number of students falling into these categories was too small (n≤10) and the results were not significant. Finally, the present study was a cross-sectional survey and not a longitudinal follow-up study. Thus, it is not possible to infer causal associations based on the results of our path analysis. Future longitudinal studies that focus on stress, motivation, and academic performance in medical students are warranted to confirm our results.
Taken together, the results of the present study indicate that academic stress in medical students may be influenced by an interaction among motivation, school grades, depression, and personality. Therefore, strategies to reduce academic pressures in medical students should take into consideration the importance of these factors. Increasing motivation may occur through interventions against stress and depression. Moreover, appropriate stress management may help students to become more motivated. Screening students once a year with self-report measures that evaluate stress, depression, and motivation may be helpful. This would identify students in need of individual counseling for stress management. Furthermore, as the number of students suffering from significant levels of stress is expected to be high, universal interventions may also be beneficial. Future studies are warranted regarding the interaction between motivation and depression.
